SUMMARY The time taken for gastric emptying of a liquid (milk) or a semi-liquid (pudding) meal was evaluated in 477 infants and children. These patients were referred for suspected gastro-oesophageal reflux and underwent gastro-oesophageal scintigraphy, prolonged oesophageal pH study, manometric evaluation of the lower oesophageal sphincter pressure, and fibreoptic endoscopy. No difference in gastric emptying was observed in children aged under 3 years, regardless of the presence or absence of the gastro-oesophageal reflux, the pressure of the lower oesophageal sphincter, or the presence of oesophagitis. In children over 6 years, however, gastric emptying was significantly delayed in those presenting with reflux compared with those without reflux; in children over 3 years there was slower gastric emptying in those with a decreased lower oesophageal sphincter pressure compared with those with higher pressure and in those with overt oesophagitis compared with those without oesophagitis. This study suggests that gastro-oesophageal reflux is more severe in childhood than in infancy, probably due to more complex motor disorders affecting the gastric fundus as well as lower oesophageal sphincter function.
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Several techniques are currently available for measurement of gastric emptying of a liquid or semi-liquid meal, such as the marker dilution technique,' radiological studies ,2 radioisotopes , and, more recently, ultrasound scanning.4 It has been shown that gastric emptying is delayed in infants with congenital heart disease5 and with respiratory distress syndrome,6 while it seems to be accelerated when pancreatic insufficiency is present.7 There is some controversy, however, about the evaluation of the time taken for gastric emptying in infants and children who present with gastro-oesophageal reflux: some authors have found significantly delayed gastric emptying in children with reflux,8 9 while others have not.'1012
We have reviewed about 500 gastro-oesophageal scintiscans performed in our department during the last five years, firstly, to compare the time taken for gastric emptying in children with and without gastrooesophageal reflux and, secondly, to assess whether delayed time for gastric emptying to take place could be associated with decreased lower oesophageal sphincter pressure with or without concomitant reflux peptic oesophagitis.
Patients and methods
A total of 477 infants and children referred with symptoms that suggested gastro-oesophageal reflux (vomiting or regurgitation, or both, 64%; recurrent pulmonary disease, 21%; near miss 'sudden infant death syndrome', 10%; retrosternal pain, 5%) were investigated. Gastro-oesophageal scintigraphy was performed in all of them. In addition to this radionuclide investigation, 89 were also studied by means of 24 hour continuous oesophageal monitoring of pH, 202 underwent fibreoptic endoscopy for diagnosis of oesophagitis, and 188 had manometric evaluation of the lower oesophageal sphincter pressure.
The series of 477 patients was subdivided in six groups according to age: (1) less than 3 months (mean 1*8 months), (2) 4 to 6 months (mean 4-9 months), (3) 7 to 12 months (mean 8-9 months), (4) 13 to 36 months (mean 20-9 months), (5) 3 to 6 years (mean 4-4 years), and (6) 7 to 14 years (mean 11*2 years). As a result of the smaller number of patients investigated the results of pH study, endoscopy, and manometry were analysed in five age groups (groups 5 and 6 were considered together).
Gastro-oesophageal scintigraphy. The technique of gastro-oesophageal scintigraphy has been well described. 13 In our department a large field scintillation camera (Toshiba) and a mini-computer Simis 3 (Informatek) were used. A 7-4 MBq dose of 99m Tc sulphur colloid was mixed with a small amount of the usual meal and given orally. The rest of the meal was given immediately after to wash down the remaining radioactivity in the mouth. The meal consisted of the usual milk formula for children aged under 1 year or pudding for those 1 year or over.
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The patient was allowed to belch and then placed in supine position over the detector for a recording period of one hour, using 20 second frames. Regions of interest were drawn over the oesophagus and stomach and the time activity curve of the oesophagus was obtained and expressed as a percentage of the gastric activity. Each reflux peak was checked by inspecting the corresponding image to exclude artificial peaks due to gastric displacement into the oesophageal area. The number, intensity, and duration of the reflux peaks were noted and a reflux index calculated by taking these three variables into account. 14 The number of counts over the gastric region of interest was measured during the one hour recording, allowing estimation of the time taken for gastric emptying. We used the residual gastric activity at 60 minutes expressed as a percentage of the initial activity (R60) as the variable. We chose this variable in preference to the half life of the radioactive isotope (T½h) because R60 does not require an a priori hypothesis concerning the shape of gastric emptying curve. pH study. Continuous 24 hour oesophageal pH was monitored using a flexible MI-506 glass pH probe (Microelectrode Inc), the distal end being placed at 87% of the total distance from the nares to the lower oesophageal sphincter. pH was determined continuously and the data, recorded every 7-5 seconds, were stored into a portable system (Memolog 600-Novo) and processed with an Apple Ile computer, using our own program. An oesophageal pH under 4 was regarded as abnormal. Each episode of reflux was analysed and the reflux index (percentage of total time of oesophageal pH inferior to 4) was considered to be abnormal when greater than 5. (Fig. 2) . The difference was significant, however, in children over be related to the use of milk: when milk reaches the stomach there is a precipitation of casein, the radiotracer is sequestered into this fraction, and the time taken for gastric emptying describes mainly the emptying of the casein phase.24 This could explain the low emptying rates found in infants when milk was used as a meal using scintigraphy. Another source of controversy is the variable employed to express the rate of gastric emptying. In our experience fitting a straight line to the gastric time activity curve, to measure the half time of gastric emptying, seems to be a questionable technique. When using milk formulas the pattern of gastric emptying is variable, a sudden decrease of activity being preceded or followed by periods during which no emptying is observed at all. For that reason, we preferred to use the residual gastric activity after 60 minutes as the variable. In this study we used milk in children under 1 year because it represents the physiological meal at this age.
To evaluate the gastric emptying of children with suspected gastro-oesophageal reflux, our population was subdivided into two groups, those with reflux and those without reflux, according to the results of gastro-oesophageal scintigraphy and prolonged pH study, these two techniques being considered as the most reliable methods for the detection of reflux disease.'4 25 A significant delay in the time taken for gastric emptying was found only in those children over 6 years with reflux. Whatever the technique used for the diagnosis of reflux (pH study or scintigraphy), no difference was seen in the time taken for gastric emptying of children, with or without reflux, in the lower age groups. A significant difference between those with and without reflux was observed from the age of 3 years, when pH study was used as the only criterion for the diagnosis of reflux, and from the age of 6 years when only scintigraphy was used. This difference might be due to the fact that the criteria that we have chosen for diagnosis of reflux by pH study were more selective and picked up patients with a more severe reflux disorder.
The On the other hand, Hillemeier et al claimed that in infants with reflux complicated by failure to thrive or recurrent pulmonary disease, or both, gastric emptying was slower than in controls.8 These data are not incompatible with our own as, unlike in Hillemeier's patients, severe complications were seldom observed in our population.
Our study also shows a correlation between the age of the patients investigated and the rate of their gastric emptying, older children showing a faster emptying than younger children. Part of the difference can, of course, be explained by the change of meal (pudding) given to the older children. The age related differences are also obvious, however, comparing children aged 1 to 3 years, 4 to 6 years, and older than 6 years, who all received the same type of meal. The evaluation of the gastric emptying in children should therefore take into consideration the age of the patient investigated as well as the type of meal used for the study. 
